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INTRODUCTION
Sella turcica is situated in the mid-cranial region and lies on the intracranial surface of the sphenoid body. It has a complex anatomical structure and relationship with various anatomical entities such as the pituitary gland, internal carotid artery, and cranial nerves [34, 42] . Two anterior and two posterior clinoid processes are located over the pituitary fossa. The anterior clinoid process is part of the lesser wing of the sphenoid bone, and the posterior clinoid process stands for terminations of the dorsum sellae [45] . The size and shape of clinoid processes may vary: they can be short and blunt or protrude above the pituitary fossa and are sometimes connected. Remodelling of tuberculum sellae and the posterior border of sella turcica continued up to 16-18 years of age [26] . The floor of the sella turcica is the pituitary fossa with the pituitary gland [20, 41] . Any abnormal or pathologic status in the gland could cause a variation of the sella turcica shape and the glandular hormones secretion [4] .
Clinicians should provide a basis for identifying and effectively investigating changes, even before the onset of symptoms of pituitary or craniofacial syndromes, which may reflect pathologic conditions, the variability of normal radiographic anatomy, and sella turcica. These changes can also occur in some syndromes and craniofacial abnormalities that affect the craniofacial region such as primary hypopituitarism, Williams syndrome, growth hormone deficiency, Cushing's syndrome, lumbosacral myelomeningocele, the presence of intrasellar adenomas, empty sella syndrome, and Rathke's cleft cysts and aneurysms [5, 8, 15, 31, 43] . By means of magnetic resonance imaging (MRI), Baleriaux et al. [9] concluded that macroadenomas, meningiomas, craniopharyngiomas, and cysts are more probable causes of deformation of the neighbouring bony structures.
In addition, the sella turcica is a vital anatomical landmark in lateral cephalometric analysis for the assessment of cranial morphology and jaw relations, which may affect orthodontic diagnosis and management [4, 34] . In the recent literature, whether or not the morphology of sella turcica is the correlation of dentofacial skeletal types is still under investigation [40] . However, the distinction between different skeletal types is sometimes not possible because the lateral cephalometric analysis might be insufficient for evaluation of marginal intermaxillary positions [40] . Therefore, knowing about the relation between the sella turcica shape and size and the dentofacial skeletal types can be beneficial for providing an accurate decision for the management plan. Moreover, morphometric information about the sella turcica is essential for neurosurgeons to choose the most suitable surgical procedure to prevent damage to structures in relation to the pituitary [44] .
To assess whether the sellar region has a normal or unusual appearance, the normal morphology of the sella turcica should be studied. The shape and sizes of sella turcica may alter greatly from person to person, and the knowledge of normal standards for clinicians will help to discriminate any abnormality in this area. Thus, the purposes of this study were (1) to construct a database of normal linear measurements by performing measurements of sella turcica length, depth, and diameter in different genders and different age groups representing the adolescence and early adulthood categories; (2) to examine age-and sex-related differences in sella turcica measurements and shapes and to show whether these parameters are trending significantly; (3) to compare the sella turcica measurements and shapes in the Turkish population with the measurements published in the literature in other countries and ethnic groups; and (4) to suggest ideas for future research on this topic.
MATERIALS AND METHODS
This retrospective study was conducted on the lateral cephalometric radiographs of 362 patients between 9 and 21 years of age (145 males, 217 females). The radiographs were taken from our Radiology Department archives. This retrospective study was reviewed and approved by the Ethics Committee of Dentistry Faculty of Necmettin Erbakan University, Konya, Turkey.
The individuals with cleft lip, cleft palate, distinct craniofacial syndromes or anomalies, severe skeletal disorders in the vertical dimension, systemic hormonal imbalance, different amounts of calcium intake, or other systemic diseases were excluded from this study. High-quality lateral cephalometric radiographs were selected and then stored with patient details incorporated. The lateral cephalometric radiographs were obtained by the Morita Veraviewepocs 3D R100-P machine (J Morita MFG Corp., Kyoto, Japan) using a standard technique.
The radiographs were grouped according to skeletal classification, gender, and age groups, and they were classified into two age groups of 9-14 years and 15-21 years. Table 1 shows the sample distribution according to skeletal classes, genders, and age groups. Based on the ANB angle, the individuals were divided into three groups according to the sagittal skeletal dentofacial skeletal pattern: class I (ANB; 0-4°), class II (ANB; > 4°), and class III (ANB; < 0°) [4] .
The linear measurements of length, depth, and diameter were made using the methods described by Silverman [36] and Kisling [18] . The sella turcica length was determined as the distance between the tip of tuberculum sellae and dorsum sellae. The height was evaluated as the perpendicular distance from the line drawn between tuberculum sellae and dorsum sellae to the floor of the sella. The diameter of sella turcica is the anteroposterior distance between the most superior point of tuberculum sellae and the deepest point on the posterior wall of the fossa (Fig. 1) . The shapes of the sella turcica were classified based on descriptions by Axelsson et al. [8] . They reported the six morphological variations, including the normal shape (Fig. 2) .
Radiologic evaluations were performed by a dento-maxillofacial radiologist (G.M.) with 7 years of experience. The intra-observer agreement was performed by reassessing the greater part of the images twice, with a 4-week interval between viewings.
Statistical analysis
SPSS statistical software version 21.0 (SPSS, Chicago, IL, USA) was used for statistical calculations. The means, minimum, maximum, and standard deviations were calculated and analysed as descriptive statistics. For the statistical analysis, Kolmogorov-Smirnov, Kruskal-Wallis, and c 2 were used. The intra-observer agreements were assessed by calculating Cronbach's alpha coefficients and kappa values.
RESULTS
Cronbach's alpha and kappa values for intra-observer reliability were 0.91, 0.89, 0.92, and 0.94, for type, length, height, and diameter of sella turcica, respectively, providing good reproducibility for each parameter.
The rates of anatomical variants of the sella turcica in the current study are normal morphology (39.0%), followed by pyramidal shape (15.5%), double contour of floor (14.6%), and oblique anterior wall (14.4%).
The irregular dorsum sella and sella turcica bridge were observed in 8.6% and 8.0%, respectively. The leastseen sella turcica shape was the sella bridge (8.0%), and the most common type was the normal shape (39.0%) ( Table 2 ). Significant differences were found between sella turcica shapes and facial skeletal classifications irrespective of gender and age (p < 0.01) ( Table 2 ). The class III patients had more irregularity (notching) in the posterior part of the dorsum sella types than the others, whereas the patients had fewer oblique anterior wall types than the others. A c 2 test revealed that no significant differences were recorded between the sella turcica shapes and gender and the age group (p > 0.05). In addition, it was found that the sella height was statistically differed according to the shapes of sella turcica irrespective of gender and age (p < 0.01) ( Table 3 ). The sella height was higher in subjects with pyramidal shape of the dorsum sella. The linear dimensions of the sella turcica are shown in Table 4 according to facial skeletal classification. There were no statistical differences between the dentofacial skeletal patterns and all the sella turcica linear measurements (p > 0.05) ( Table 4) . No significant differences were found between females and males in terms of sella turcica length and height. However, females had a greater diameter size of sella turcica than males (p < 0.01) ( Table 5 ). In addition, it was observed that the subjects in the 15-21 age group had larger sella turcica heights and diameters than the subjects in the 9-14 age group (p < 0.05 and p < 0.01, respectively) ( Table 6 ). However, there were no significant differences between age groups in terms of sella turcica lengths (p > 0.05) ( Table 6) .
DISCUSSION
This retrospective study described the shapes and sizes of the sella turcica on lateral cephalometric radiographs in Turkish subjects with different dentofacial skeletal types. Hence, the sizes and shapes of the sella turcica were determined and compared with the literature.
The shape variants in the sella turcica have been described by various researchers [11, 22, 40] . One study stated that the massive ossification of the dura mater extended to the dorsum of the sella turcica, and the posterior clinoid processes could alter the morphology of the sellar region [37] . Camp [11] classified the sella turcica as circular, oval, and flattened. He stated that the circular type was the most common type, whereas the flattened type was the least common [11] . Another study [8] described the bridge, oblique anterior wall, double contour of the floor, irregularity of the dorsum sellae, and pyramidal shape of the dorsum sellae as abnormal variations of the sella turcica. They found that two-thirds of the sample had the normal morphological variant. Alkofide [3] noted that there were more anatomic variations in the majority of patients with cleft. Unlike patients with clefts, morphology of sella turcica appears normal in the majority of patients without clefts. In the literature, morphological variations of sella turcica have been reported as more frequent with syndrome patients such as those with Down syndrome [7, 19, 21, 27] . Sathyanarayana et al. [34] reported that 61% of south Indian subjects with different dentofacial skeletal patterns had normal morphology, and the remaining 39% had anatomical variants. At least 5% had an oblique front wall, 5.5% had a double contour floor, and 5.5% had a pyramid-like shape of the dorsum sellae. In the studying population, the prevalence of irregularity on the posterior part of the dorsum sellae was reported as 15%, and the bridging of sella turcica was reported as 8%. Unlike the others, Chauhan et al. [13] noted that only 28% of the cases observed had anatomical variations. Anatomical variations included an oblique anterior wall (23%), irregular sella (18%), bridging (17%), and double contour floor (10%). According to our results, the anatomical variations of the sella turcica in this study were normal morphology at 39.0% with the other morphological variations at 61%. The pyramidal shape was 15.5%, double contour floor was 14.6%, and oblique anterior wall was 14.4%. The irregular dorsum sella and sella turcica bridge were observed in 8.6% and 8.0%, respectively. The least-seen sella turcica shape was the sella bridge (8.0%), and the most common type was the normal shape (39.0%). Class III patients had more irregularity of the dorsum sella types than the others and fewer oblique anterior wall types than the others. However, reported normal morphology of sella turcica in patients with different dentofacial skeletal types was 67%. The remaining 33% of the cases had variations of sella turcica morphologies [4] . Shah et al. [35] found that the normal morphology was also seen in approximately 66% of the subjects. Our results are lower than the results of previous studies, which may be due to sample size, ethnicity, and the use of different methodologies.
In addition, the prevalence of sella turcica bridging was reported as ranging from 5.5% to 22% [8, 17] . Literature indicated that the presence of sella turcica bridging was associated with craniofacial disorders [1, 10] . Axelsson et al. [7] stated that 13% of the patients suffering from Williams syndrome had a sella turcica bridge. The study conducted by Leonardi et al. [23] emphasized that the probability of dental anomalies occurring in later periods was higher in individuals with sella turcica bridges during the development period. Valizadeh et al. [40] stated that the prevalence of sella turcica bridging was 13.3% in subjects with skeletal class I, 13.3% in subjects with class II, and 43.3% in subjects with skeletal class III. In this research, the prevalence of sella turcica bridging was 8.0% (3.6%, 1.9%, and 2.5% in subjects with different dentofacial skeletal types, respectively). These results were lower than the studies in the literature.
The measurement of the sella turcica and its morphological types are important because changes in the size and shape of sella turcica may be a sign of a disease or pathology in the pituitary gland. The normal dimensions of sella turcica range from 4 mm to 16 mm for length, depth, and diameter [4, 8, 14, 16, 28] . The discrepancies in those studies may be due to different landmarks representing the same dimensions, different degrees of magnification, or different compositions of the study groups (age, gender, ethnicity, etc.) [4] . In the present study, no significant differences were found for the linear measurements of the three facial skeletal classes, but the mean values were consistent with the literature [4, 12, 17, 24, 25, 27, 35, [38] [39] [40] . Tetradis and Kantor [39] reported the mean length and depth of sella turcica as 10.9 ± 1.8 mm and 7.6 ± 1.7 mm, respectively. Canigur Bavbek, and Dincer [12] stated the normal length and depth values were 10.90 ± 1.73 mm and 8.29 ± 1.66 mm, respectively. In the present study, the mean length and height for all three classes were 8.22 ± 1.66 mm and 7.73 ± 1.33 mm, respectively, which was consistent with the literature [17, [38] [39] [40] . Soakar and Nawale [38] reported the mean diameter of sella turcica as 11.18 ± 1.34 mm, which is consistent with the mean diameter in all three classes of 11.00 ± 1.68 mm found in the present study. Alkofide [4] stated that the skeletal classes with class III individuals had a larger diameter of sella compared to class II and class I individuals. Valizadeh et al. [40] found that class III patients had greater sella turcica length than class II and class I. In addition, the sella turcica depth and diameter were nearly the same in subjects with different dentofacial skeletal patterns. The discrepancies from their results might be different degrees of magnification or different compositions of the study groups (age, gender, ethnicity, etc.).
In this study, no significant differences were found between genders in respect to the size of sella turcica, except for the diameter, which is in accordance with the literature [4, 20, 32, 35, 44] . Females had a greater diameter size of sella turcica than males (p < 0.01) ( Table 4) . Axelsson et al. [8] reported that there was no difference in depth and anteroposterior diameter, while sella turcica showed a significant difference in respect to length when comparing females and males [41] . In a study conducted with southern Indian subjects, it was stated that the length of the sella turcica in males and females was also different [34] . In a recent study on 509 lateral cephalometric radiographs in a Jordanian population, it was found that all parameters, except for the height, showed significant differences between male and female [2] .
The age-related increase in the size of the sella turcica correlated with an increase in the size of the pituitary gland [6, 13, 33] . Remodelling of tuberculum sellae and the posterior border of sella turcica continued up to 16-18 years of age [26] . Hence, we evalu-ated the morphology of the sella turcica in subjects aged 9 to 21 years. The sella depths and diameters of the 15-21 age group were consistently larger than the 9-14 age group in the present investigation. This result is consistent with studies by Alkofide et al. [4] , Pisaneschi and Kapoor [29] , and Preston [30] . Preston [30] stated that sella turcica was growing with age and that this growth in females also occurred at an early age. Choi et al. [14] reported that the length, height, and width of the sella turcica increased up to 25 years of age, but after age 26, no significant increase was found in sella turcica size. Axelsson et al. [8] concluded that sella turcica height increased with the pubertal spurt, but this situation was invalid for the length.
CONCLUSIONS
The anatomical structure of sella turcica can be studied effectively on lateral cephalometric radiographs. Results from this study showed that the sample had a higher rate of morphological variation (39% normal, 61% other types) in comparison with other populations or ethnic groups. Clinicians must know the normal radiographic anatomy and morphological variations of this area in order to recognise and investigate differences that might reflect pathologic signs. The class III patients had more of the irregularity (notching) in the posterior part of the dorsum sella type and less of the oblique anterior wall type than the others. The sella height was higher in subjects with pyramidal shape of the dorsum sella. Linear dimensions and morphological types of sella turcica in this study can be used as reference for additional investigators such as radiologists, orthodontists, maxillofacial surgeons, and neurosurgeons to interpret and plan surgical procedures involving the sellar region. Moreover, the studies in which internal carotid arteries, sphenoid air sinuses, cavernous sinuses, intracranial portions, and pituitary gland sizes are evaluated as three-dimensional in both genders at different ages may provide clearer information about the morphology and shape of sella turcica.
